Introduction: Fractures of the lumbar spine and thoracolumbar junction are common in spinal trauma. The aim of this work is to analyze the nature of the indications, the morbidity as well as the results of these treatment regimens.
view of 64 patients with lumbar spine and thoracolumbar junction fractures (T10-L2) without neurological disorders, was collected in the neurosurgery department of the North Hospital and University Hospital (CHU), Marseille over a period of 2 years from January 2015 to December 2016. Posterior percutaneous osteosynthesis were more or less associated with kyphoplasty preceded anterior arthrodesis. Clinical and radiological endpoints were collected at least 6 months later. Results: The mean follow-up was 9.5 months (6 -24).
The clinical evaluation found a mean VAS at last follow-up at 14/100 (0 -30) and an average Oswestry score at the last follow-up at 88%. The initial average vertebral kyphosis went from 13˚ to 4˚ at the last follow-up with a correction loss of 1˚, an absolute gain of 8˚. No postoperative neurological complications were noted in our series. Conclusion: The implementation of a two-step therapeutic strategy with anterior reconstruction in Magerl's lumbar spine or A3.3 thoracolumbar junction fractures allows effective and long-lasting correction of lumbar lordosis and thoracic kyphosis, and obtaining a balanced
Introduction
The optimal therapeutic management of lumbar spine fractures and thoracolumbar (T10-L2) type A and B2 junction of Magerl [1] without neurological signs remains controversial. Orthopedic treatment gives good immediate results with a low rate of complications [2] . Long-term results are variable with a recurrence of initial deformity [3] [4] . Surgical treatment allows for better reduction and faster ambulation of patients [5] . Percutaneous vertebroplasty or kyphoplasty techniques can treat A1 compression fractures and even A3 burst fractures [6] [7] and can be performed in addition to pedicle screw osteosynthesis [8] .
Percutaneous posterior surgery techniques have been developed to reduce muscle trauma, blood loss and length of hospital stay. The placement of percutaneous pedicle screws has been described for some years [9] but the placement of stems has necessitated the development of specific ancillaries. This posterior arthrodesis allows short-term reduction and stabilization of the fracture site.
However, pseudarthrosis related to highly comminuted fractures prompts some centers to perform preventive surgical treatment of complementary anterior stabilization. Few data are available on the practices and results of this two-step strategy, later and later. The aim of this study is to analyze, on a retrospective monocentric series of lumbar spine fractures and thoracolumbar junction, the nature of the indications, the morbidity as well as the results of these therapeutic regimens.
Patients et Methods
A retrospective, single-center study, based on the review of 64 files of patients operated for a fracture of the lumbar spine or thoracolumbar junction (T10-L2), collected in the neurosurgery department of the North Hospital and University Hospital (CHU), Marseille over a period of 2 years from January 2015 to December 2016. Posterior percutaneous osteosynthesis more or less associated with kyphoplasty preceded a corporectomy performed either by retroperitoneal lumbotomy or a left retropleural thoracotomy. The corporeal reconstruction is done by means of an expandable tubular cage containing a spongy graft taken at the expense of the corporectomy product. Our series consisted of 44 men (68.75%) and 20 women (31.25%). A male predominance was observed with a sex ratio of 0.45 women for one man.
Epidemiological Criteria
Fractures of the lumbar spine and thoracolumbar junction were caused by various accidents, with a clear predominance of falls in our context. Falling height is the leading cause and represents 39 cases in our series, a percentage of 60.95% of all etiologies. These are accidental falls in 35 cases (54.7%) and 4 cases of attempted autolysis of which 2 patients were followed for a psychiatric illness (6.25% of cases). Road accidents accounted for 20 injuries, accounting for 29.73% of all etiologies. Workplace accidents: We observed 3 cases, a percentage of 4.7%. The attacks were reported by 2 patients in our series, i.e. 3.1%.
Radiological Criteria
The distribution of vertebral lesions was as follows: 9 cases in T10, 5 cases in T11, 13 cases in T12, 20 in L1, 7 in L2, 4 in L3, 3 in L4 and 3 cases in L5. In 54 cases (84.4%), the lesion was located at the thoracolumbar junction (T10-L2) with a clear predominance of lesions in the L1 and T12 vertebrae 
Radiological Evaluation
The initial imaging analyzed corresponded to a spine scanner. were measured and the corrected regional angle (CRA) was calculated by subtracting the standard regional angle from the AR [11] . After the first posterior surgical time, a new scanner assessed the residual stability according to Mac Cormack's classification [12] . The position and eventual mobilization of the material was also studied.
Clinical Criteria
In the initial management, the inventory of associated spinal lesions was added to the other potential lesions (skull, thorax, abdomen, pelvis, limbs). Twenty one patients (32.81%) had associated lesions: nine in the limbs, three in the pelvis, six in the thorax and three in the skull. None of the patients presented neurological signs and all were classified Frankel stage E [10] .
The pain was assessed pre-and postoperatively immediately and at the last follow-up on a visual analogue scale (VAS). The overall functional assessment was performed using the Oswestry score [13] as well as the ability to return to the previous professional activity.
Surgical Techniques
The ventral decubitus for posterior time and right lateral decubitus for the pre- replaced by a threaded spindle. The series of three dilators allows to remove the soft parts. The widest dilator allows to pass the wick, then the graduated tap to measure the length of the screw required. This was introduced through the screw holder. As soon as it has penetrated the pedicle, the guide pin is removed to prevent it from advancing beyond the vertebral body. This procedure was re-Open Journal of Modern Neurosurgery peated for the ipsilateral screw.
In the sagittal plane, the upper screw was directed up and forward, the lower screw down and forward. In the opposite case, the travel of the screw heads was limited, the assembly of the ancillary is impossible. The acceptable limit is the parallelism of the upper and lower screws. In the horizontal plane, the marker was the pedicle on the frontal scopies which was likened to a ring. There are two essential times when penetrating the trocar. When entering the pedicle, the trocar should be located at the lateral part of the ring. At the level of the vertebral wall, he must have been at his center or medial part. The two screw holders were then secured with the rod holder shaped compass. A graduated mark is used to measure the length of the rod required. A proximal incision of 15 mm was made and the adapted rod introduced. The path had to be done without forcing. The correct positioning of the rod in the screw heads was verified by scopic controls of face, profile and three quarters. Both screwdrivers were positioned on the heads and allow to complete the reduction by a compression maneuver. The bolts were then tight and broken after a scopic check. The contralateral pedicles were instrumented in the same way. The closure was carried out without drainage.
Circumferential strategy, complementary anterior arthrodesis: Distraction and lordosis allow the reduction of thoracolumbar fractures. However, previous loss of substance or reduction in the intervertebral disc may lead to pseudarthrosis and thus to disassembly or loss of correction [14] [15] . To prevent this complication, a second surgical time of anterior arthrodesis can reinforce the fusion. The analysis of the CT images after the first procedure allows the indication of the circumferential arthrodesis. The finding of ductal crowding by an earlier fragment also justifies the use of anterior arthrodesis. The arthrodesis can be supported by the placement of an iliac tricortical graft or an intervertebral cage. On a technical level, the patient was placed in the right lateral decubitus position. The approach is either retroperitoneal lumbar and retrorenal lumbar lumbotomy or thoracic retropleural thoracotomy. For left retroperitoneal and retro renal lombotomy, the incision, about 8 cm long, follows the 12 th rib and extends towards the umbilicus. Dissection of the subcutaneous planes allowed access to the muscles of the abdominal wall. After opening, the retroperitoneal space was released to the spine in front of the psoas muscle. Particular care was taken in the hemostasis of the segmental lumbar vessels at a distance from the foramina. The psoas muscle was retracted and the level was detected at the image intensifier. After discectomy, corporectomy and flattening of the trays, an expandable tubular cage was put in place (VLIFT©, Stryker ® company) (Figure 3 ). Its height and angulation of its trays are adjustable. She was filled with cortico-cancellous autograft from the corporectomy product. Before placement of the cage, anterior decompression of the spinal canal was performed. The correct positioning of the implant was controlled under scopie, and the approach of closure closed plan by plan on suction drain. The follow-up is simple: reverticalization on day 1, a regime adapted to systematic ileus related to the retroperitoneal approach, transit monitoring, prevention 
Duration of Intervention
The median duration of intervention was variable depending on the type of surgery. It is for posterior percutaneous osteosynthesis only 95 minutes (50 -235);
115 minutes (55 -179) for percutaneous posterior osteosynthesis associated with kyphoplasty and 250 minutes (200 -332) for percutaneous posterior osteosynthesis associated with anterior approach. The median delay between the two operative times was 9.5 days (3 to 28 days). 
Surgical Indications

Clinical Results
The mean follow-up was 9.5 months (6 -24) with a median of 6 months. Mean VAS at D2 postoperative was 37/100 (range 0 -70). The average VAS at last follow-up is 14/100 (0 -30). All patients with an VAS at 30 have a follow-up of less than 1 year.
The Oswestry score at the last follow-up is on average 88% (65 -100) with a median of 90. The three patients with a score lower than 70 have a follow-up of Table 1 . Indications according to the type of lesion (Magerl) . 
Radiological Results
The results of vertebral kyphosis (VK) and corrected regional angle (RCA) are given for the different setbacks ( Table 2 and Table 3 ). The evolution of VK was analyzed according to the type of lesions (Table 4) .
Last follow-up scan: Three patients had a control scan with a follow-up at 2 iCRA: initial corrected regional angle; poCRA: postoperative corrected regional angle; CRAfu: corrected regional angle at last follow-up; GCpo: gain in postoperative correction; GAfu: Absolute gain in correction at last follow-up; LCfu: loss of correction at last follow-up. years. In all cases, the corporeal consolidation of the fractures is obtained. There is no late mobilization or bankruptcy of the equipment.
Discussion
The management of patients with lumbar spine fracture and thoracolumbar junction without neurological disorders is not codified. Indeed, all sorts of treatments are proposed: conservative by corset or supine position, surgery by posterior route, anterior way or combined.
The review of the literature finds no method statistically superior to the other.
Thomas [16] concludes that there is no current argument for orthopedic treatment or surgical treatment for non-neurological A3 fractures.
In the only prospective randomized study available, including 47 patients, Wood [17] found no benefit after surgical treatment of A3 fractures. The latter also causes a higher complication rate [17] . This conclusion should be moderated by the fact that the preoperative VK in this series were only 11.3˚ for orthopedic treatment and 10.1˚ for surgical treatment, therefore less than the kyphosis of our patients.
However, Thomas [16] in his study stated that surgical management would 1˚, an absolute gain of 8˚. This result is lower than that of the SOFCOT symposium series of 1996, the average VK goes from 17˚ to 5.9˚, an absolute gain of 11.1˚ for posterior surgery (all lesions combined) [21] . Indeed, despite the technical progress and the aids to surgery, percutaneous pedicle screwing can be complicated by nerve injuries. In our series, we had 4.1% of misplacement on 366 screws placed without neurological repercussions. The incorrect positioning of the screws is encrypted by 2.5% to 15% [16] [20] [22] . The advantage of the percutaneous system is the use of face and profile scopie which secures the implantation gesture of the screws in the pedicles [23] .
The use of vertebroplasty allows a consolidation of the fractured vertebral body and thus maintain the reduction of the fracture. This use in spinal trauma on A3 burst fractures is recent. Few series or publications refer to them [7] [8] [24] . None of these studies treated A3 fractures prospectively. One of the classic and far-reaching complications of percutaneous vertebroplasty is leakage of cement into the spinal canal [25] . The frequency of cement leakage also varies with the level of the treated vertebra. In fact, high thoracic lesions have a risk of absconding up to 85.7% [25] . In spinal traumatology, this risk of passage of cement in the canal then compressing the nerve structures is also high given the fracture of the vertebral body that goes to the posterior wall in a burst fracture A3 [6] . Kyphoplasty decreases the risk of cement passage in the canal. It allows a reduction of the fracture thanks to the balloon or an expander. It is of course necessary to inject the most precement cement possible to avoid the intraductal passage and to maintain the reduction. The combination of these two techniques makes it possible to propose a solution to Magerl A3 burst fractures. This minimally invasive technique allows a quick return home, Muscle trauma is minimal, resulting in simpler operative follow-up and shorter hospital stay. The placement of the pedicular screws percutaneously requires an important use of the image intensifier with irradiation of the hands of the operator. Irradiation is however less than during the procedures carried out under scanner control [26] . Fluoro-navigation [27] seems to allow an easy and safe placement of the pedicle screws while decreasing the irradiation. We do not have the experience right now.
Proponents of a combined approach emphasize kyphosis that occurs at a distance from a single posterior approach. It reaches 5˚ in 68% of patients in the Been and Bouma series [28] , but it has no clinical impact. This remark is all the with this additional intervention must be contained. In our series, we did not note a specific complication to lumbar or thoracic surgery by anterior approach.
The consequences are rarely severe if we exclude the character Dysesthetic. The average bleeding of 536 ml is greater than that observed during the posterior time. However, the use of a transfusion was less frequent because surgery was scheduled with anesthetic assessment out of emergency context. Some authors advocate an anterior graft limited to the upper half of the vertebral body and the overlying disc [29] . In our series, both discs were systematically included in the arthrodesis. The first realization of a posterior arthrodesis bridging the sub-lesional disc makes, in our opinion, obsolete the conservation of this one. This pattern may, however, be of interest when the posterior time corresponds to percutaneous osteosynthesis. Secondary ablation of the posterior material could then restore areas of mobility.
The indication of anterior reconstruction is based on the risk of loss of posterior correction or nonunion. This reconstruction can be done in one or two surgical times: lateral osteosynthesis and corporeal reconstruction at the same time, or posterior osteosynthesis and remote reconstruction as performed in our series. Several authors show disappointing results after posterior stabilization alone in case of comminuted fracture, with significant rates of loss of correction [18] . A two-step therapeutic strategy was systematically performed in our series for type A3.3 fractures. Mc Cormack's score [12] was established on a scanner obtained after the first beat, and confirmed the indication of a previous time. Our 2-time choice is opposed to isolated anterior reconstruction strategies, which are considered to be more haemorrhagic in the acute post-traumatic period, so performing 2 surgical times during the same anesthetic session exposes a greater risk of bleeding due to freshness of the fracture and surgery in acute peritraumatic context less framed than a programmed surgery. Our clinical and radiological findings support a 2-stage circumferential surgical strategy for A3.3 comminuted fractures with a Mc Cormack score ≥ 7.
Our objective and subjective functional results are encouraging with a percentage (80%) of return to work. This result is identical to the data from the li-Open Journal of Modern Neurosurgery terature [30] (80% to 94%), but our decline is lower. This leads us to the proposal of a therapeutic algorithm (Figure 4) . However, our study has limitations: the number of patients included in this study remains insufficient to obtain a powerful statistical analysis. We did not perform a randomized, double-blind, controlled therapeutic trial that allowed comparative statistical analysis, so we will not be able to say with certainty that one event is linked to another. However, the parameters used allow a descriptive analysis of the results. Radiological analysis is limited by the absence of preoperative data in charge. The comparison can therefore be done only between the different operating times. The same is true for functional scores, which here only reflect a remote situation of spinal trauma.
This type of event does not occur in patients initially asymptomatic, it remains difficult to assess the relative value of the scores.
Conclusion
Posterior percutaneous osteosynthesis more or less associated with kyphoplasty or anterior arthrodesis is an interesting therapeutic option in Magerl type A and B2 thoracolumbar spine and lumbar spine fractures, without neurological disorders. The objective and subjective results are satisfactory, with low morbidity 
